4 This resolves itself, of course, into the relative stimulation of different parts of the retina (Sumner, Biol. Bull., 65, 266-282 (1933)).
A REMARKABLE PARALLELISM
By RICHARD GOLDSCHMIDT DEPARTMENT OF ZOOLOGY, UNIVERSITY OF CALIFORNIA Communicated March 12, 1937 In a series of papers, partly in press,1II have reported upon investigations of development and genetics of the vestigial mutant in Drosophila. The decisive facts are: The wing of this mutant and its series of multiple alleles is a clipped wing. It looks as if parts from a whole wing were clipped after the whole wing was formed. This clipping begins at the tip and proceeds in a perfectly regular fashion in the ascending series of multiple alleles until, in the highest member No-wing, hardly any stumps are left. This aspect of the series already forces one to conclude that the spatial determination of the wing, the position of veins, etc., was determined before the process controlled by the vg-genes set in, which results in the clipping. The different conditions of the wings, therefore, cannot be described as growth stages, as has been done in many quantitative investigations. The study of the development revealed that this a priori consideration was correct. We divide for descriptive purposes the grades of scalloping, beginning with a small nick and ending in the stumps of No-wing, into eleven classes, of which X represents the type vestigial and V-VI about notched toward snipped. It was shown that in the classes I-V/VI the wing is still perfectly normal at the time of pupation. Afterward a degeneration or lysis of wing epithelium begins which destroys progressive amounts of tissue from the VOL. 23, 1937 tip on. This process stops when the moment of histological differentiation has come, and the rest of the wing develops normally. The destroyed parts of wing area are the scallopings. The time of onset of the destructive process is now exactly correlated to the amount of scalloping produced, i.e., the higher alleles (or corresponding heterozygotes and compounds) produce an earlier and earlier onset of the degenerative process. With a phenotype between classes V and VI the visible onset is still after pupation. In the higher classes it occurs in the imaginal discs (as extrapolated from the facts of later development by the author and actually found by Auerbach2) and in the highest, vg and Nw, in the very young imaginal disc. But, also, in these higher grades the destruction is not yet finished at the time of pupation but proceeds considerably up to the last possible moment.
It has been known-for a long time that temperatures at the limit of the vital range (29-310C) make a genetical vestigial wing more normal-like and that this effect is strictly proportional to the increase in temperature within the above-mentioned range, and further that the phenotypes thus produced run through the whole series of the phenotypes of the vg-alleles. The author could then produce a phenotypic effect representing classes I-VI of scalloping from wild-type flies by the action of temperature shocks and the same has since been performed by Friesen3 employing x-rays. The author could furthermore isolate a number of dominance modifying genes (dominigenes) which shift the otherwise wild-type vg/+ heterozygote toward the recessive type, producing grades I-IV of scalloping in an additive way. It was then shown that the same dominigenes act also upon the homozygous alleles and the different compounds, shifting their phenotypes in a perfectly orderly series toward the higher classes. All these effects take place in the same way, namely, changing the phenotype in a linear order through the different phenotypes I-XI, identical with the known phenotypes of the allelic series. The underlying physiological system must therefore be a simple one which allows shifts only in a plus or minus direction. These facts may be described in terms of gene action in two ways: Either the genes control the production of some substance which leads to wing degeneration when a certain threshold of concentration is reached and the time at which it is reached is a function of the different conditions of the gene, called alleles. Or the genes control the production of a substance which is necessary for normal growth (a growth-promoting substance) and which has to be present in a minimum concentration to enable development of the wild-type wing. The different alleles produce an insufficiency of this substance which, when fallen below a certain threshold, will lead to an insufficiency disease, degeneration. Originally I preferred the first interpretation, but later I adopted what seemed to be a more plausible description in terms of insufficiency of a growth substance. 220' PROC. N. A. S.
In both cases the facts and their interpretation might be represented by a graph (Fig. 1) . The normal curve on top represents the curve of growth of the normal wing, and in order not to draw an extra curve, may also be taken as the curve of production of the growth-promoting substance, using the second interpretation. 23, 1937 duction and therefore the ratio of phage to bacteria is constantly increasing. When a certain ratio in favor of phage is reached-the lytic thresholdlytic destruction of bacteria begins and proceeds rapidly to completion. The time of onset of this destruction is proportional to the initial concentration of phage in the mixture. Phage may be inactivated and reactivated by different ions. In addition, in the presence of manganese the lytic action begins earlier; this is solely an effect upon the threshold, i.e., the quantity of phage/bacterium requisite for lysis. Figure 2 represents Krueger's graph for these experiments, which may be said to be also a perfect model Graphic representation of bacterial growth, phage production and lytic ratios with and without MnC12. Originating in the bacterial growth curve (0) are the curves of bacterial lysis( .... ) with MnC12 and adjacent broken lines the identical mixtures without MnCl2 (after Krueger).
of the vestigial case. The growth curve of bacteria corresponds to the normal wing growth in Drosophila. The same curve might also represent the increase in phage if it were proportional to the bacterial growth, as it has been tacitly assumed in the vestigial case for the production of the decisive stuff. This assumption, which works in case of a growth substance, would not work in case of production of a lytic substance, as we must account for the different onset of action. In Krueger's diagram the different times of onset of lytic action and the consequent dropping of the curves for bacterial growth are visible and their similarity to the curves for wing growth is obvious. Here we find, in addition, the steep curves for growth of the phage drawn for four different initial concentrations. Their intercept with a line parallel to the growth curve, representing the assumed ratio of quantity phage/bacterium necessary for lytic action, is then the lytic threshold. In the vestigial curve this threshold has been indicated directly, but it might as well be represented as in Krueger's graph. The upper parallel indicates the lytic threshold in the presence of Mn. A parallel to this would be the action of the dominigenes (or temperatures) upon the vgcurves.
It is clear that we could use the graph for the phage also to describe the vestigial case, namely, under the former assumption that the genes produce here a lytic substance which acts upon the wing as soon as a threshold value is reached. The main curves of Krueger's graph would then represent the growth and subsequent lysis of the wing; his curves for phage production would be the curves for production of the lytic substance; the initial concentration of phage would be the different alleles of vg, and the manganese curves would represent the action of modifiers.
The remarkable fact about this parallel is that here the kinetics of a case have been studied which in every detail fit the kinetics of gene action as derived from a special case (and, incidentally, is identical with the conclusions derived from the author's former work on gene action). I should, however, not go further and draw parallels between genes and phage, as has occasionally been done. The parallel seems to be perfect, so far as kinetics are concerned, but it does not contain any necessary information about the nature of the thing which acts according to initial concentration.
The present idea regarding the nature of the phage seems to be that it is a protein (produced by the bacteria) with catalytic properties. Such properties are also supposed to be typical for the gene, whatever it is. But here the comparison ends for the present.
